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1. Applicant herewith submits to the United States Elected Office (EO/US) the following items 
under 35 U.S.C. §371: 

a. This express request to immediately begin national examination procedures (35 U.S.C. § 

371(f)). 

b. The U.S. National Fee (35 U.S.C. § 371(c)(1)) and other fees (37 C.F.R. § 1 .492) as 

indicated below: 
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INDEPENDEN 
T CLAIMS 


2-3 = 
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x $84.00 = 


$0.00 
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MULTIPLE DEPENDENT CLAIM(S) (if applicable) 


+ $280.00 


$0.00 


i y 
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BASIC FEE 


U.S. PTO WAS NOT INTERNATIONAL PRELIMINARY EXAMINATION 
AUTHORITY 

Where no international preliminary examination fee as set forth in § 1.482 has 
been paid to the U.S. PTO, and payment of an international search fee as set forth 
in Section 1.445(a)(2) to the U.S. PTO: 

where a search report on the international application has been prepared 
by the European Patent Office or the Japanese Patent Office (37 C.F.R. § 
1.492(a)(5)) S890.0C 


$890.00 






Total of above Calculations 


= $1,106.00 




SMALL 
ENTITY 


Reduction by 1/2 for filing by small entity, if applicable. Assertion must be made, 
(note 37 C.F.R. § 1.27) 


- $0.00 


• 




Subtotal 


$1,106.00 






Total National Fee 


$1,106.00 
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Fee for recording the enclosed assignment document $40.00 (37 C.F.R. § 1.21(h)). 
See Item 13 below). See attached "ASSIGNMENT COVER SHEET". 


$0.00 


TOTAL 


Total Fees enclosed 


$1,106.00 



*See attached Preliminary Amendment Reducing the Number of Claims. 



Attached is a check in the amount of $1,106.00. 



A copy of the International application as filed (35 U.S.C. § 371(c)(2)) has been transmitted by 
the International Bureau. 

Date of mailing of the application (from form PCT/IB/308): 8 March 2001 

A translation of the International application into the English language (35 U.S.C. § 371(c)(2)) is 
transmitted herewith. 

Amendments to the claims of the International application under PCT Article 19 (35 U.S.C. § 
371(c)(3)) have not been transmitted. Applicant chose not to make amendments under PCT 
Article 19. 

Date of mailing of Search Report (from form PCT/ISA/210): 20 December 2000.. 

A translation of the amendments to the claims under PCT Article 19 (38 U.S.C. § 371(c)(3)) has 
not been transmitted for reasons indicated at point 5(c) above. 

A copy of the international examination report (PCT/IPEA/409) Transmitted herewith 
There are no annex(es) to the international preliminary examination report to transmit. 
There are no annexes to the international preliminary examination report to translate. 

10. An unsigned oath or declaration of the inventor (35 U.S.C. § 371(c)(4)) complying with 35 
U.S.C. § 1 15 is submitted herewith, and such oath or declaration identifies the application and 
any amendments under PCT Article 19 that were transmitted as stated in points 3(b) or 3(c) and 
5(b); and states that they were reviewed by the inventor as required by 37 C.F.R. § 1 .70. 

11. Other document(s) or information included: 

11. An International Search Report (PCT/ISA/210) or Declaration under PCT Article 17(2)(a) has 
been transmitted by the International Bureau. 



5=5 » 



7. 
8. 
9. 



Transmittal Letter to the United States Elected Office (EO/US)-page 3 of 4 



10/069262 




2 2 rli c^jc 



Date of mailing (from form PCT/IB/308): 20 December 2000. 

12. An Information Disclosure Statement under 37 C.F.R. §§ 1 .97 and 1 .98 is transmitted herewith. 
Also transmitted herewith is/are Form PTO-1449 (PTO/SB/08A and 08B) and copies of citations 

listed. 



1 3 . Additional documents : 

a. Copy of request (PCT/RO/101) 

b. International Publication No. 01/17002 



c. Preliminary amendment (37 C.F.R. § 1.121) 
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by this paper and during the entire pendency of this application: 
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PRELIMINARY AMENDMENT 

This Preliminary Amendment is filed as a part of the national stage entry of PCT 
application DE00/02491, which was filed on 28 July 2000, which is in turn based on German 
application 199 40 278.7, filed on 26 August 1999. The fees for the claims should be 
M* calculated based on the claims remaining after the entry of this Preliminary Amendment, 

g which results in 32 total and 2 independent claims. Consistent with the modifications to 37 

!jl CFR §1.125, the applicant has provided a substitute specification instead of a clean copy of 

the paragraphs and claims as they stand after amendment. 

Amendments to the Disclosure 
□ The substitute specification has been altered from the literal translation document 

y i received to delete information above the title, to insert headings according to US practice, and 

i ft to insert paragraph numbering in lieu of line numbering. These changes do not introduce new 

Q matter. 

Amendments to the Claims 

After the heading "CLAIMS" and before the beginning of the claims, please insert the 
words: — What is claimed is: — 



Please amend the claims as follows: 
1 . (amended) A layer structure for Si-based bipolar transistors , comprising a 
semiconductor layer and an emitter layer formed over the semiconductor layer, wherein 
locally thin oxide and/or nitride layers are formed between the semiconductor layer and the 
emitter layer, characterized in that the emitter layer adjoining the semiconductor layer has a 
monocrystalline region and, separated from the semiconductor layer by the monocrystalline 
region, a polvcrystalline or amorphous region [characterised in that the vertical structure of 



1 



the transistors includes a partially monocrystalline emitter layer (5) which above an epitaxial 
monocrystalline initial growth layer changes into a polycrystalline and/or amorphous layer 
and in the vertical structure of the transistor the partially monocrystalline emitter layer (5) is 
locally underlaid with thin oxide and/or nitride layers]. 

2. (amended) The [A] layer structure as set forth in claim 1 characterized [characterised] 
in that the semiconductor [partially monocrystalline emitter] layer comprises [(5) is deposited 
on] an Si x Ge y Ci-x-y-cover layer [(4)], an Si-buffer layer [(2)] and a silicon substrate [(1)] with 
the parameters x, y in the range 0 < x,y < 1 . 

3. (amended) The [A] layer structure as set forth in claim 2, comprising an electrically 
active zone of which at least a part is formed in the SiyGey Ci-y- y-cover layer [1 characterised 
in that the interface (6) between the partially monocrystalline emitter layer (5) and the 
substrate is characterised by a low level of oxygen contamination with an oxygen amount of 
less than 1 x 10 15 cm~ 2 ]. 

4. (amended) The [A] layer structure as set forth in claim 1 characterized [and 2 
characterised] in that an oxygen contamination is present at an interface between the emitter 
layer and the semiconductor layer, the oxygen contamination having an oxygen amount of 
less than 1 x 10 15 cm' 2 [at least a part of the electrically active zone of the partially 
monocrystalline emitter layer (5) is formed by an Si x Ge y Ci_ x _ y -cover layer (4) with the 
parameters x, y in the range 0 < x,y < 1]. 

5. (amended) A process for producing a [the] layer structure for an Si-based bipolar 
transistor, said process comprising the steps of: [transistors as set forth in at least one of 
claims 1 through 4 characterised in that] 

pre-treating the surface of the silicon substrate with hydrofluoride-bearing solvents; 

[- storage of] storing the samples thereafter for less than one hour [after a pre- 
treatment of the surface of the silicon substrate (1) with hydrofluoride-bearing solvents and] 
prior to introduction into a CVD reactor [is limited to less than one hour], 

[-] pre-tempering of the samples in the temperature range of 650°C - 1 100°C in 
hydrogen-bearing gases with tempering times in the range of between 5 seconds and 120 
minutes [is provided], 



[-] supplying a doping gas [is already supplied] during cooling to the layer growth 
temperature, and 

[-] applying [after cooling to the layer growth temperature] a partially monocrystalline 
emitter layer [(5) is applied] with the addition of silane and doping gas at a temperature in the 
range 450 - 700°C, such that the emitter layer [which] initially grows in monocrystalline form 
and then changes into a polycrystalline and/or amorphous layer. 

6. (amended) The [A] process of claim 5, wherein [as set forth in claim 5 characterised 
in that] the step of applying the partially monocrystalline emitter layer is accomplished by 
[(5) is applied by means of] chemical gas phase deposition at low pressure in a multi-wafer 
reactor. 

7. (amended) The [A] process of claim 5, wherein [as set forth in at least one of claims 
5 and 6 characterised in that] the partially monocrystalline emitter layer [(5)] is formed by a 
doped Si x Ge y Ci- x - y -cover layer [(3)] with the parameters x, y in the range 0 < x, y < 1 . 

8. (amended) The [A] process of claim 5, further comprising the step of: 

subjecting the samples to intensive flushing with nitrogen for at least 15 minutes with 
the CVD reactor cold [as set forth in at least one of claims 5 through 7 characterised in that] 
without introducing [the introduction of] air into the CVD installation prior to the pre- 
tempering operation, in hydrogen-bearing gases [, the samples are subjected to intensive 
nitrogen flushing for at least 15 minutes with the CVD-reactor cold]. 

9. (amended) The [A] process of claim 5, further comprising the step of: 
subjecting [as set forth in one of claims 5 through 8 characterised in that after the 

formation of the Si-cover layer (4) and prior to deposition of the partially monocrystalline 
emitter layer (5)] the layer structure [is subjected] to further technological sub-steps such as 
for example oxidation procedures, implantation procedures, etching procedures and masking 
sub-steps a after forming the Si-cover layer and before depositing the partially crystalline 
emitter layer . 

10. (amended) The [A] process of claim 5, further comprising the step of: 
maintaining [as set forth in at least one of claims 5 through 9 characterised in that] the 

monocrystalline growth of the partially monocrystalline Si-emitter layer [(5) is maintained] 



up to the end of the layer deposition so that there is no change to polycrystalline/amorphous 
growth. 



1 1 . (amended) The [A] process of claim 5, wherein [as set forth in at least one of claims 
5 through 10 characterised in that] the doping element for the partially monocrystalline 
emitter layer comprises arsenic [(5) is As and/or P]. 

12. (amended) The [A] process of claim 5, further comprising the step of: [as set forth in 
at least one of claims 5 through 1 1 characterised in that] 

introducing at least one emitter dopant [is introduced] during the CVD deposition 
procedure for growth of the emitter layer [(5)]. 

13. (amended) The [A] process of claim 5, further comprising the step of: [as set forth in 
at least one of claims 5 through 12 characterised in that] 

introducing the emitter dopant [is already introduced] in the cooling-down process 
and prior to the addition of silane for growth of the partially monocrystalline emitter layer 
[(5)]. 

14. (amended) The [A] process of claim 5, further comprising the step of: [as set forth in 
at least one of claims 5 through 13 characterised in that optionally] 

depositing a homogeneously doped partially monocrystalline emitter layer [(5)] or 
alternately depositing, to increase the growth rate,, doped and undoped regions of the 
partially monocrystalline emitter layer [(5) are deposited alternately]. 

15. (amended) The [A] process of claim 5, further comprising the step of: [as set forth in 
at least one of claims 5 through 14 characterised in that] applying the partially 
monocrystalline emitter layer [(5) is applied] to Si-substrate wafers. 

16. (amended) The [A] process of claim 5, further comprising the step of: [as set forth in 
one of claims 5 through 1 5 characterised in that] 

a pplying the partially monocrystalline emitter layer [(5) is applied] to commercial Si- 
substrate wafers or commercial 'silicon-on-insulator 1 (SOI)-wafers and Si-wafers with homo- 
epitaxial layers and Si-collector structures and Si-base structures formed in accordance with 
the state of the art. 



17. (amended) The [A] process of claim 5, wherein [as set forth in at least one of claims 
5 through 16 characterised in that] the partially monocrystalline emitter layer [(5)] is used in 
the heterostructure Si-emitter/Si/Si y Ci- y /Si- substrate. 

18. (amended) The [A] process of claim 5, wherein [as set forth in at least one of claims 
5 through 16 characterised in that] the partially monocrystalline emitter layer [(5)] is used in 
three-component material systems of the kind Si-emitter/Si/Si x Ge y Ci. x . y , Si x Ge y Oi- x . y , with 
the parameters x, y in the range 0 < x, y < 1, on Si-substrates. 

Please enter the following new claims: 

19. (new) The process of claim 6, wherein the partially monocrystalline emitter layer is 
formed by a doped Si x Ge y Ci_ x . y -cover layer with the parameters x, y in the range 0 < x, y < 1 . 

20. (new) The process of claim 7, further comprising the step of: 

subjecting the samples to intensive flushing with nitrogen for at least 15 minutes with 
the CVD reactor cold without introducing air into the CVD installation prior to the pre- 
tempering operation, in hydrogen-bearing gases. 

2 1 . (new) The process of claim 1 9, further comprising the step of: 

subjecting the samples to intensive flushing with nitrogen for at least 15 minutes with 
the CVD reactor cold without introducing air into the CVD installation prior to the pre- 
tempering operation, in hydrogen-bearing gases. 

22. (new) The process of claim 6, further comprising the step of: 

subjecting the samples to intensive flushing with nitrogen for at least 15 minutes with 
the CVD reactor cold without introducing air into the CVD installation prior to the pre- 
tempering operation, in hydrogen-bearing gases. 

23. (new) The process of claim 8, further comprising the step of: 

subjecting the layer structure to further technological sub-steps such as for example 
oxidation procedures, implantation procedures, etching procedures and masking sub-steps, 
after forming the Si-cover layer and before depositing the partially crystalline emitter layer. 



24. (new) The process of claim 20, further comprising the step of: 

subjecting the layer structure to further technological sub-steps such as for example 
oxidation procedures, implantation procedures, etching procedures and masking sub-steps, 
after forming the Si-cover layer and before depositing the partially crystalline emitter layer. 

25. (new) The process of claim 2 1 , further comprising the step of: 

subjecting the layer structure to further technological sub-steps such as for example 
oxidation procedures, implantation procedures, etching procedures and masking sub-steps, 
after forming the Si-cover layer and before depositing the partially crystalline emitter layer. 

26. (new) The process of claim 22, further comprising the step of: 

subjecting the layer structure to further technological sub-steps such as for example 
oxidation procedures, implantation procedures, etching procedures and masking sub-steps, 
after forming the Si-cover layer and before depositing the partially crystalline emitter layer. 

27. (new) The process of claim 9, further comprising the step of: 

maintaining the monocrystalline growth of the partially monocrystalline Si-emitter 
layer up to the end of the layer deposition so that there is no change to 
polycrystalline/amorphous growth. 

28. (new) The process of claim 23, further comprising the step of: 

maintaining the monocrystalline growth of the partially monocrystalline Si-emitter 
layer up to the end of the layer deposition so that there is no change to 
polycrystalline/amorphous growth. 

29. (new) The process of claim 24, further comprising the step of: 

maintaining the monocrystalline growth of the partially monocrystalline Si-emitter 
layer up to the end of the layer deposition so that there is no change to 
polycrystalline/amorphous growth. 

30. (new) The process of claim 25, further comprising the step of: 



maintaining the monocrystalline growth of the partially monocrystalline Si-emitter 
layer up to the end of the layer deposition so that there is no change to 
polycrystalline/amorphous growth. 

3 1 . (new) The process of claim 26, further comprising the step of: 

maintaining the monocrystalline growth of the partially monocrystalline Si-emitter 
layer up to the end of the layer deposition so that there is no change to 
polycrystalline/amorphous growth. 

32. (new) The process of claim 5, wherein the doping element for the partially 
monocrystalline emitter layer comprises phosphorus. 



REMARKS 

In the specification, paragraph numbers and headings have been introduced, to 
comply the specification with standard US practice and to facilitate future amendment. 

In the claims, multiple dependencies have been removed by distributing the 
limitations. Further, claims 1-4 have been amended responsive to the International 
Preliminary Examination Report. 

The above claims have also been amended to correspond them more closely to United 
States claiming practice, namely, by removing reference numerals, and by clarifying 
antecedent basis issues. In this manner, they should be in condition for allowance. These 
amendments to the claims are fully supported by the literal translation into English of the 
specification as filed in Germany, and they do not introduce new subject matter. 

The claims as amended are incorporated into the substitute specification which is 
attached hereto. 

Respectfully submitted, 



Stephen L. Grant 

Reg. No. 33,390 

Hahn Loeser & Parks LLP 

1225 W. Market St. 

Akron, OH 44313 

330-864-5550 

Fax 330-864-7986 

Email: slgrant@hahnlaw.com 

Customer No. 021324 
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LAYER STRUCTURE FOR BIPOLAR TRANSISTORS AND PROCESS FOR THE 

PRODUCTION THEREOF 



[0001] The invention concerns a layer structure for bipolar transistors and 
a process for the production thereof and a process for integrated circuits 
produced on that basis. 

SUMMARY OF THE INVENTION 
[0002] Semiconductor materials such as silicon, silicon-germanium, gallium 
arsenide and gallium phosphide are widely used for the production of 
semiconductor devices. Important advantages of modern bipolar transistors, for 
example based on Si x Ge y Ci- x -y heterostructures, with the parameters x, y in the 
range 0 < x, y < 1, lie inter alia in their extreme speed, their low base 
resistances and an improved noise characteristic. At the same time the 
technology involved in the production of integrated circuits using Si x Ge y Ci- x -y/Si 
HBTs is compatible with the widely established mass-production technology for 
integrated circuits on a silicon basis. The stated advantages make fast 
transistors based on Si x Ge y Ci- x - y -layer structures a preferential variant for highly 
integrated circuits with use in modern telecommunications. 
[0003] The advance in modern semiconductor technology for the 
production of highly integrated circuits already nowadays substantially depends 
on the production of extremely small electrically active regions and extremely 
flat and steep junctions. The corresponding demands in terms of the technology 
involved were well described in the past by the 'Si Roadmap' (National 
Technology Roadmap Semiconductors, Semiconductor Industries Association 
1997) of silicon microelectronics. In accordance therewith, for advanced highly 
integrated circuits, junction depths of 50 - 120 nm are required, which in the 
very near future will have to be further reduced in order to keep pace with 
foreseeable lateral scaling. Advanced heterostructures based on Si x Ge y Ci- x - y - 
layers use emitter penetration depths into the silicon of less than 30 nm. The 
base of the transistor structure is formed from Si x Ge y Ci- x - y , Si x Gei_ x Jayers with 
thicknesses of in part less than 20 nm. Perfection of the grown epitaxial layers 
and the interfaces which occur in the layer deposit operation is a prerequisite for 
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a high output of good transistors and circuits and for fault-free functioning of the 
corresponding circuits. 

[0004] The problems involved in poly-Si-emitter layers on silicon for the 
production of bipolar transistors have been the subject of increased investigation 
in recent times. In that respect, to achieve adequate current gain in the 
production of the vertical structures oxygen-contaminated interfaces with 
increased emitter resistances were tolerated (J S Hamel, D J Roulston, C R 
Selvakumar, IEEE Electron Device Letters, 13 (6), 332 (1992)). At the same 
time that work indicates the disadvantage of the severe process dependency of 
the electrical parameters, due to the inadequate controllability of interface 
contamination and the non-homogeneity of the interface ruptures in subsequent 
tempering operations. It is also known that transistors with contaminated 
interfaces suffer from the disadvantage of worse noise parameters. For modern 
bipolar heterostructures as are implemented on the basis of Si/Si/Si x Ge y Ci- x - y /Si- 
layer sequences, sufficient current gain can be adjusted within wide limits by 
way of the band structure of the base layer, so that the search is for ways in 
which the emitter resistances and noise can be reduced. In accordance with the 
state of the art the Si-layer forming the emitter and the emitter connection, both 
for silicon, Si-homostructures and also in Si/Si/Si x Ge y Ci.x-y/Si-heterostructures, 
is in the form of a polycrystaliine Si-layer, as described in many publications (for 
example in J D Cressler, IEEE Electron Device Lett. 17, 13 (1996), D Knoll et al, 
IEDM Techn. Dig., 703 (1998)). 

[0005] The disadvantages that are involved here such as worsened 
diffusion characteristics on the part of the dopants, increased surface roughness 
of the emitter et al are tolerated in the state of the art although they result in 
worsened electrical parameters as hitherto an improvement in the interface 
properties involved a high level of technological and financial expenditure. 
[0006] Extremely clean interfaces and growth conditions are required for 
safeguarding epitaxial growth. Such clean interfaces are made possible for 
example in ultra-high vacuum systems for molecular beam epitaxy (MBE) and in 
extremely clean normal-pressure and low-pressure installations for deposition 
out of the chemical gas phase (CVD). Cleaning of the surface involves using a 
desorption step for oxygen, generally in a temperature range above 1000°C. 
High desorption temperatures cannot be used however for pre-processed wafers 



in which doping profiles have already been set as they unacceptably alter the set 
doping profiles. The literature sets out a series of publications which are 
dedicated to that problem. Thus the work by D Agnello and T O Sedgewick (D 
Agnello and T 0 Sedgewick, Journal Electrochemical Society, 139 (19), 2929 
(1992)) deduces the conditions for oxide-free Si-surfaces in the case of UHV- 
CVD processes and shows how the existence of oxygen residue contamination 
results in the generation of twinning defects and stacking faults. The conditions 
for epitaxial growth in the case of the UHV-CVD are less strict than in the case of 
MBE. Nonetheless, in the UHV-CVD procedure the oxygen partial pressure in the 
carrier gas at 700°C must be less than about 1 ppb in order to permit defect-free 
growth. In the case of UHV-MBE oxygen partial pressures of less than about 2 x 
10" 9 Torr at 700°C are required for defect-free growth. 

[0007] The work by Niel et al (S Niel, 0 Rozeau et al, Techn. Digest. IEDM, 
page 807 (1997)) reports on the formation of a monocrystalline emitter in As in 
situ doping in a commercial single-wafer reactor. That technical procedure 
however suffers from the serious disadvantage of a low level of productivity, in 
particular due to the single-wafer reactor itself. On the other hand, relatively 
high growth temperatures have to be used for safeguarding monocrystalline 
growth and for adequate growth rates, and that can be a serious disadvantage 
for wafers with a limited permissible heat budget. 

[0008] It is further known that completely epitaxial vertical structures for 
bipolar transistors can be produced without an interruption in growth in ultra- 
high vacuum systems for molecular beam epitaxy (MBE) and in extremely clean 
normal-pressure and low-pressure CVD installations. That situation however 
does not afford the possibility of being able to carry out external preparation 
steps outside the epitaxy reactor, after production of the collector and base 
regions. That considerably limits the technology options in incorporating the 
transistors into complex circuits. 

SUMMARY OF THE INVENTION 
[0009] The object of the invention is to propose a layer structure for 
bipolar transistors, by means of which the electrical properties and the 
homogeneity of bipolar transistors are improved. The invention aims to provide 
in particular that, with reduced emitter junction resistances, the base current 



characteristics are improved and noise is reduced, as well as providing a process 
for the production of bipolar transistors with such a layer structure, by means of 
which it becomes possible to produce integrated circuits with bipolar transistors 
of that kind, with a good yield and reproducibility. 

[OOIO] In accordance with the invention that object is attained in that the 
vertical structure of the transistors includes a partially monocrystalline emitter 
layer which above an epitaxial monocrystalline growth layer changes into a 
polycrystalline and/or amorphous layer and in the vertical structure of the 
transistor the partially monocrystalline emitter layer is locally underlaid with thin 
oxide and/or nitride layers. The partially monocrystalline emitter layer is 
deposited on an Si x Ge y Ci- x -y-cover layer, an Si-buffer layer and a silicon 
substrate with the parameters x, y in the range 0 < x, y < 1. The interface 
between the partially monocrystalline emitter layer and the substrate is 
characterised by a low level of oxygen contamination with an amount of oxygen 
of less than 1 x 10 15 cm" 2 . At least a part of the electrically active zone of the 
partially monocrystalline emitter layer is formed by the Si x Ge y Ci- x . y -cover layer 
with the parameters x, y in the range 0 < x, y < 1 The process according to the 
invention for producing the layer structure for Si-based bipolar transistors is 
based on the fact that: 

- storage of the samples after a pre-treatment of the surface of the silicon 
substrate with hydrofluoride-bearing solvents and prior to introduction into a 
CVD reactor is limited to less than one hour, 

- pre-tempering of the samples in the temperature range of 650°C - 
1100°C in hydrogen-bearing gases with tempering times in the range of between 
5 seconds and 120 minutes is provided, 

- a doping gas is already supplied during cooling to the layer growth 
temperature, and 

- after cooling to the layer growth temperature a partially monocrystalline 
emitter layer (5) is applied with the addition of silane and doping gas at a 
temperature in the range 450 - 700°C, which initially grows in monocrystalline 
form and then changes into a polycrystalline and/or amorphous layer. 

[0011] Advantageously the partially monocrystalline emitter layer is 
applied by means of chemical gas phase deposition at low pressure in a multi- 
wafer reactor. Preferably the partially monocrystalline emitter layer is formed by 



a doped Si x Ge y Ci- x - y -cover layer with the parameters x, y in the range 0 < x, y < 
1. Without air being introduced into the CVD-installation, prior to the pre- 
tempering procedure in hydrogen-bearing gases, the samples are subjected to 
intensive nitrogen flushing for at least 15 minutes with the CVD-reactor cold. 
The layer structure is subjected to further technological sub-steps such as for 
example oxidation procedures, implantation procedures, etching procedures, 
masking sub-steps, after the formation of the Si-cover layer and prior to 
deposition of the partially monocrystalline emitter layer. The monocrystalline 
growth of the partially monocrystalline Si-emitter layer is maintained until the 
end of the layer deposition operation so that no change to 
polycrystalline/amorphous growth occurs. The doping element for the partially 
monocrystalline emitter layer is As and/or P. For growth of the emitter layer at 
least one emitter dopant is introduced during the CVD procedure. 
Advantageously, the emitter dopant is already introduced in the cooling-down 
process and prior to the addition of silane for growth of the partially 
monocrystalline emitter layer. Optionally, a homogeneously doped partially 
monocrystalline emitter layer or, to increase the growth rate, doped and 
undoped regions of the partially monocrystalline emitter layer, are deposited 
alternately. In a preferred embodiment the partially monocrystalline emitter 
layer is applied to Si-substrate wafers. In an embodiment which is also preferred 
the partially monocrystalline emitter layer is applied to commercial Si-substrate 
wafers or commercial 'silicon-on-insulator' (SOI)-wafers as well as Si-wafers 
with homo-epitaxial layers and Si-collector structures and Si-base structures 
formed in accordance with the state of the art. Preferably the partially 
monocrystalline emitter layer involving the heterostructure Si-emitter/Si/SiyCi- 
y /Si-substrate is used. Another embodiment involves using the partially 
monocrystalline emitter layer in three-component material systems of the kind 
Si-emitter/Si/Si x Ge y Ci- x - y Si x Ge y Oi- x - y , with the parameters x, y in the range 0 < 
x,y < 1, on Si-substrates. 

[0012] In that respect, in a surprising manner which was something that 
not even the man skilled in the art could foresee, it is possible in the initial 
stages to stimulate reliably and homogeneously epitaxial growth and thus to 
achieve advantageous interface properties. In the subsequent procedure, 
depending on the respective choice of the deposition conditions, epitaxial growth 



can be continued or it is possible to go over to polycrystalline/amorphous growth 
conditions and a partially monocrystalline layer sequence with advantageous 
properties can be formed. 

[0013] The features of the invention are to be found, not only in the claims 
but also in the description and the drawing, in which respect the individual 
features each in themselves or in pluralities in the form of sub-combinations 
represent patentable configurations in respect of which protection is claimed 
herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0014] An embodiment of the invention is illustrated in the drawing and is 
described in greater detail hereinafter. In the drawing: 

Figure 1(a) - 1(c) shows diagrammatic sectional views of a portion of the 
vertical structure of a bipolar transistor, and 

Figures 2(a) and 2(b) show analytical measurement results and a view of 
the structure of the partially monocrystalline emitter layer according to the 
invention, showing the success of the process. 

DETAILED DESCRIPTION OF THE INVENTION 
[0015] Referring to Figure la a silicon wafer is provided with a layer stack 
produced in accordance with the state of the art, for a hetero-bipolar transistor. 
The layer stack comprises a doped Si-buffer layer 2 directly on the Si-substrate 
1 for forming the collector, an Si x Ge y Ci- x - y -layer 3 with the parameters x, y in the 
range 0 < x, y < 1, for forming the base, an epitaxial Si-cover layer 4 and a 
polycrystalline silicon layer for forming the emitter 5. The critical interface 6 
between the Si-emitter layer 5 and the epitaxial Si-cover layer 4 is afflicted with 
oxide residues and/or severe oxygen contamination, in a layer production 
process in accordance with the state of the art. That results in the formation of a 
multiplicity of growth seeds which ultimately govern polycrystalline layer growth. 
The polycrystalline emitter layer can also be formed by an Si x Ge y Ci- x - y -layer. 
Outside the illustrated portion layer deposition can take place in the form of a 
polycrystalline layer, over nitride or oxide layers produced in accordance with 
the state of the art, or other layer structures. 



[0016] Figure lb diagrammatically shows the same layer stack produced in 
accordance with the solution according to the invention, in which the interface 6 
is characterised only by slight contamination with levels of oxygen concentration 
of preferably less than 1 x 10 15 cm" 2 and in which after initially epitaxial 
monocrystalline growth of the Si-emitter layer 5, crystallographic defects occur 
in later growth stages, which defects only end at a marked distance with the 
formation of a further interface 7 in polycrystalline growth of the Si-emitter layer 
5. 

[0017] Figure lc shows the boundary case of a completely monocrystalline 
emitter layer 5, as can be produced for example with growth in ultra-high 
vacuum (UHV) systems for molecular beam epitaxy (MBE) or at high 
temperatures and/or in extremely clean normal-pressure and low-pressure CVD 
installations. 

[0018] Figure 2a affords quantified arsenic and oxygen depth profiles, 
recorded by means of secondary ion mass spectroscopy (SIMS), of a partially 
monocrystalline Si-emitter layer 5 on an Si-substrate 1 with the Si-cover layer 4 
in accordance with the process of the invention. It is possible to clearly see the 
low level of oxygen contamination of the interface between the As-doped, 
partially monocrystalline emitter 5 and the Si-cover layer 4 as well as the 
varying As-concentration due to alternately doped and undoped deposition. At 
the same time a high level of As-concentration as is required for low emitter 
junction resistances is obtained. 

[0019] Figure 2b shows a transmission electron microscope recording of a 
cross-section through the partially monocrystalline emitter layer 5 with the two 
interfaces 6 and 7, showing the success of the process for producing transistors 
with a partially monocrystalline emitter layer 5. 

[0020] For production of the vertical transistor structure, in accordance 
with the invention, it is possible to use a commercial, industry-compatible LP- 
CVD installation with a large wafer capacity, for example of more than 50 wafers 
per process, originally specified for deposition procedures in respect of 
polycrystalline silicon. In that respect the preceding technological steps in 
transistor production and also the lateral structure of the transistor correspond 
to the state of the art. The process according to the invention is used for 
production of the vertical layer sequence in the transistor structure, in particular 



the production of the partially monocrystalline emitter layer 5. Prior to the 
wafers being introduced into the LP-CVD installation wafer cleaning is effected, 
based on hydrofluoride-bearing solvents. The storage time of the samples after 
the etching procedure is limited to less than 1 hour, without special surface 
passivation. The procedure according to the invention can also be used in CVD 
installations without a wafer-introduction lock device which avoids the 
introduction of air in the entire installation. In those cases, in accordance with 
the invention, the installation is subjected to intensive nitrogen flushing for at 
least 15 minutes with the reactor cold. After a pre-tempering procedure 
according to the invention for between 1 minute and several hours, preferably 
30 minutes, at moderate temperatures in the range of between 550°C and 
1100°C, preferably at 700°C, in hydrogen, the doping gas for in-situ doping of 
the layer, preferably with arsenic or phosphorus, can already be switched on in 
the phase of cooling down to the growth temperature in the range of between 
450°C and 700°C, preferably 550°C. When the growth temperature is reached 
the addition of silane is implemented and the actual growth process begins. In 
accordance with the invention, oxygen contamination of the interface 6 between 
the emitter layer 5 and the silicon substrate 1 and the Si-cover layer 4 
respectively is limited to an incorporated oxygen amount of less than 5 x 10 15 
cm" 2 , preferably less than 1 x 10 15 cm" 2 . Optionally homogeneously doped layers 
can be deposited at a relatively low growth rate of below 0.1 nm/min or 
doped/undoped regions can be deposited at moderate growth rates above 1 
nm/min to several 10 nm/min. 

[0021] The advantages of the process according to the invention are 
apparent. By virtue of the almost perfect interface 6, homogeneous diffusion and 
a low junction resistance are possible. It is also possible to see in Figure 2(b) the 
low degree of surface roughness of the emitter contact, which turns out to be 
markedly less than in the case of polycrystalline emitter layers with large grains, 
produced in accordance with the state of the art. 

[0022] The procedure in accordance with the invention further affords 
other substantial advantages: 

[0023] By virtue of the formation of alternately doped and undoped 
regions, after initially monocrystalline growth, the layer deposition procedure can 
be substantially reduced in length, with the same layer thickness. That results in 

8 



a reduction in the length of the overall technological procedure involved. It is 
possible to save on subsequent implantation operations for emitter doping, by 
virtue of deposition of the in-situ doped emitter layers 5. 

[0024] A further advantage of the invention is additionally that the absence 
of the contamination-afflicted interface means that inward diffusion of the 
dopant is homogenised, which also manifests itself in an improvement in the 
electrical parameters. 

[0025] In comparison with completely monocrystalline emitter layers 5, 
there is the possibility of using additional implantation procedures without being 
seriously confronted with the effects which are typical of monocrystalline 
materials, of implantation-induced non-equilibrium diffusion, what is referred to 
as 'transient-enhanced 1 diffusion. 

[0026] The system according to the invention affords the possibility of 
beginning the growth process with selective epitaxial deposition, in which case 
that layer is deposited initially only in the opened windows which are not covered 
with oxide. In that respect, the difference in height between the Si-surface and 
the oxide surface is reduced. It is only when the change-over to polycrystalline 
silicon in the opened windows occurs that non-selective layer growth on the 
entire wafer begins. 

[0027] The system according to the invention also makes it possible to 
provide a corresponding layer structure on 'silicon-on-insulator 1 (SOI) wafers. 
[0028] The transistor according to the invention with the partially 
monocrystalline emitter layer 5 and the process for the production thereof 
permit use in modern Si x Ge y Ci- x - y technologies, with the parameters x, y in the 
range 0 < x, y < 1, which are provided in perspective for the manufacture of 
modern highly integrated circuits for mobile communications. 
[0029] In the present invention, on the basis of specific embodiments by 
way of example, a process has been described for the production of partially 
monocrystalline emitter layers 5 involving Si/Si/Si x Ge y Ci. x - y -heterostructures, 
with the parameters in the range 0 < x, y < 1. It should be noted however that 
the present invention is not limited to the details of the description in the specific 
embodiments as modifications and alterations are claimed within the scope of 
the claims. 



CLAIMS 

What is claimed is: 

1. A layer structure for Si-based bipolar transistors, comprising a 
semiconductor layer and an emitter layer formed over the semiconductor layer, 
wherein locally thin oxide and/or nitride layers are formed between the 
semiconductor layer and the emitter layer, characterized in that the emitter 
layer adjoining the semiconductor layer has a monocrystalline region and, 
separated from the semiconductor layer by the monocrystalline region, a 
polycrystalline or amorphous region. 

2. The layer structure as set forth in claim 1 characterized in that the 
semiconductor layer comprises an Si x Ge y Ci- x - y -cover layer, an Si-buffer layer and 
a silicon substrate with the parameters x, y in the range 0 < x,y < 1. 

3. The layer structure as set forth in claim 2, comprising an electrically active 
zone of which at least a part is formed in the Si x Ge y Ci- x - y -cover layer. 

4. The layer structure as set forth in claim 1 characterized in that an oxygen 
contamination is present at an interface between the emitter layer and the 
semiconductor layer, the oxygen contamination having an oxygen amount of 
less than 1 x 10 15 cm" 2 . 

5. A process for producing a layer structure for an Si-based bipolar 
transistor,_said process comprising the steps of: 

pre-treating the surface of the silicon substrate with hydrofluoride-bearing 
solvents; 

storing the samples thereafter for less than one hour prior to introduction 
into a CVD reactor, 

pre-tempering of the samples in the temperature range of 650°C - 1100°C 
in hydrogen-bearing gases with tempering times in the range of between 5 
seconds and 120 minutes, 

supplying a doping gas during cooling to the layer growth temperature, 

and 
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applying a partially monocrystalline emitter layer with the addition of 
silane and doping gas at a temperature in the range 450 - 700°C 7 such that the 
emitter layer initially grows in monocrystalline form and then changes into a 
polycrystalline and/or amorphous layer. 

6. The process of claim 5, wherein the step of applying the partially 
monocrystalline emitter layer is accomplished by chemical gas phase deposition 
at low pressure in a multi-wafer reactor. 

7. The process of claim 5, wherein the partially monocrystalline emitter layer 
is formed by a doped SixGeyCt-x-y-cover layer with the parameters x, y in the 
range 0 < x, y < 1. 

8. The process of claim 5, further comprising the step of: 

subjecting the samples to intensive flushing with nitrogen for at least 15 
minutes with the__CVD reactor cold without introducing air into the CVD 
installation prior to the pre-tempering operation, in hydrogen-bearing gases. 

9. The process of claim 5, further comprising the step of: 

subjecting the layer structure to further technological sub-steps such as 
for example oxidation procedures, implantation procedures, etching procedures 
and masking sub-steps , after forming the Si-cover layer and before depositing 
the partially crystalline emitter layer. 

10. The process of claim 5, further comprising the step of: 

maintaining the monocrystalline growth of the partially monocrystalline Si- 
emitter layer up to the end of the layer deposition so that there is no change to 
polycrystalline/amorphous growth. 

11. The process of claim 5, wherein the doping element for the partially 
monocrystalline emitter layer comprises arsenic. 

12. The process of claim 5, further comprising the step of: 



introducing at least one emitter dopant during the CVD deposition 
procedure for growth of the emitter layer. 

13. The process of claim 5, further comprising the step of: 

introducing the emitter dopant in the cooling-down process and prior to 
the addition of silane for growth of the partially monocrystalline emitter layer. 

14. The process of claim 5, further comprising the step of: 

depositing a homogeneously doped partially monocrystalline emitter layer 
or alternately depositing, to increase the growth rate, doped and undoped 
regions of the partially monocrystalline emitter layer. 

15. The process of claim 5, further comprising the step of: 

applying the partially monocrystalline emitter layer to Si-substrate wafers. 

16. The process of claim 5, further comprising the step of: 

applying the partially monocrystalline emitter layer to commercial Si- 
substrate wafers or commercial 'silicon-on-insulator' (SOI)-wafers and Si-wafers 
with homo-epitaxial layers and Si-collector structures and Si-base structures 
formed in accordance with the state of the art. 

17. The process of claim 5, wherein the partially monocrystalline emitter layer 
is used in the heterostructure Si-emitter/Si/Si y Ci- y /Si-substrate. 

18. The process of claim 5, wherein the partially monocrystalline emitter layer 
is used in three-component material systems of the kind Si-emitter/Si/Si x Ge y Ci- x - 
y/ Si x Ge y Oi- x - y , with the parameters x, y in the range 0 < x, y < 1, on Si- 
substrates. 

19. The process of claim 6, wherein the partially monocrystalline emitter layer 
is formed by a doped Si x Ge y Ci- x . y -cover layer with the parameters x, y in the 
range 0 < x, y < 1. 

20. The process of claim 7, further comprising the step of: 
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subjecting the samples to intensive flushing with nitrogen for at least 15 
minutes with the CVD reactor cold without introducing air into the CVD 
installation prior to the pre-tempering operation, in hydrogen-bearing gases. 

21. The process of claim 19, further comprising the step of: 

subjecting the samples to intensive flushing with nitrogen for at least 15 
minutes with the CVD reactor cold without introducing air into the CVD 
installation prior to the pre-tempering operation, in hydrogen-bearing gases. 

22. The process of claim 6, further comprising the step of: 

subjecting the samples to intensive flushing with nitrogen for at least 15 
minutes with the CVD reactor cold without introducing air into the CVD 
installation prior to the pre-tempering operation, in hydrogen-bearing gases. 

23. The process of claim 8, further comprising the step of: 

subjecting the layer structure to further technological sub-steps such as 
for example oxidation procedures, implantation procedures, etching procedures 
and masking sub-steps, after forming the Si-cover layer and before depositing 
the partially crystalline emitter layer. 

24. The process of claim 20, further comprising the step of: 

subjecting the layer structure to further technological sub-steps such as 
for example oxidation procedures, implantation procedures, etching procedures 
and masking sub-steps, after forming the Si-cover layer and before depositing 
the partially crystalline emitter layer. 

25. The process of claim 21, further comprising the step of: 

subjecting the layer structure to further technological sub-steps such as 
for example oxidation procedures, implantation procedures, etching procedures 
and masking sub-steps, after forming the Si-cover layer and before depositing 
the partially crystalline emitter layer. 

26. The process of claim 22, further comprising the step of: 
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subjecting the layer structure to further technological sub-steps such as 
for example oxidation procedures, implantation procedures, etching procedures 
and masking sub-steps, after forming the Si-cover layer and before depositing 
the partially crystalline emitter layer. 

27. The process of claim 9, further comprising the step of: 

maintaining the monocrystalline growth of the partially monocrystalline Si- 
emitter layer up to the end of the layer deposition so that there is no change to 
polycrystalline/amorphous growth. 

28. The process of claim 23, further comprising the step of: 

maintaining the monocrystalline growth of the partially monocrystalline Si- 
emitter layer up to the end of the layer deposition so that there is no change to 
polycrystalline/amorphous growth. 

29. The process of claim 24, further comprising the step of: 

maintaining the monocrystalline growth of the partially monocrystalline Si- 
emitter layer up to the end of the layer deposition so that there is no change to 
po I y crysta lline/amorphousg ro wth . 

30. The process of claim 25, further comprising the step of: 

maintaining the monocrystalline growth of the partially monocrystalline Si- 
emitter layer up to the end of the layer deposition so that there is no change to 
polycrystalline/amorphous growth. 

31. The process of claim 26, further comprising the step of: 

maintaining the monocrystalline growth of the partially monocrystalline Si- 
emitter layer up to the end of the layer deposition so that there is no change to 
polycrystalline/amorphous growth. 

32. The process of claim 5, wherein the doping element for the partially 
monocrystalline emitter layer comprises phosphorus. 
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ABSTRACT 



The invention concerns a layer structure for bipolar transistors and a 
process for the production thereof and a process for integrated circuits produced 
on that basis. The aim of the invention is to propose a layer structure for bipolar 
transistors, by means of which the electrical properties and the homogeneity of 
bipolar transistors are improved. The invention aims to provide in particular that, 
with reduced emitter junction resistances, the base current characteristics are 
improved and noise is reduced, as well as providing a process for the production 
of bipolar transistors with such a layer structure. 

In accordance with the invention that object is attained in that the vertical 
structure of the transistors includes a partially monocrystalline emitter layer 
which above an epitaxial monocrystalline growth layer changes into a 
polycrystalline and/or amorphous layer and in the vertical structure of the 
transistor the partially monocrystalline emitter layer is locally underlaid with thin 
oxide and/or nitride layers. The process according to the invention for producing 
the layer structure for Si-based bipolar transistors is based on the fact that 

- storage of the samples after a pre-treatment of the surface is limited to 
less than one hour, 

- pre-tempering of the samples is provided, 

- a doping gas is already supplied during cooling to the layer growth 
temperature, and 

- after cooling to the layer growth temperature a partially monocrystalline 
emitter layer is applied with the addition of silane and doping gas, which initially 
grows in monocrystalline form and then changes into a polycrystalline and/or 
amorphous layer. 
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L a y er structure for bipolar transistors and process for the production 
thereof " ~ 



The invention concerns a layer structure for bipolar transistors and a 
5 process for the production thereof and a process for integrated circuits 
produced on that basis. 

Semiconductor materials such as silicon, silicon-germanium, gallium 
arsenide and gallium phosphide are widely used for the production of 
semiconductor devices. Important advantages of modern bipolar 

10 transistors, for example based on SixGeyC^x.y heterostructures, with the 
parameters x, y in the range 0 < x, y < 1, lie inter alia in their extreme 
speed, their low base resistances and an improved noise characteristic. At 
the same time the technology involved in the production of integrated 
circuits using Si x Ge y Ci- x - y /Si HBTs is compatible with the widely established 

15 mass-production technology for integrated circuits on a silicon basis. The 
stated advantages make fast transistors based on Si x Ge y Ci- x - y -layer 
structures a preferential variant for highly integrated circuits with use in 
modern telecommunications. 

The advance in modern semiconductor technology for the production 

20 of highly integrated circuits already nowadays substantially depends on the 
production of extremely small electrically active regions and extremely flat 
and steep junctions, The corresponding demands in terms of the 
technology involved were well described in the past by the 'Si Roadmap 1 
(National Technology Roadmap Semiconductors, Semiconductor Industries 

25 Association 1997) of silicon microelectronics. In accordance therewith, for 
advanced highly integrated circuits, junction depths of 50 - 120 nm are 
required, which in the very near future will have to be further reduced in 
order to keep pace with foreseeable lateral scaling. Advanced 
heterostructures based on Si x Ge y Ci- x - y - layers use emitter penetration 

30 depths into the silicon of less than 30 nm. The base of the transistor 
structure is formed from Si x Ge y d- x - y , S^Ge^-layers with thicknesses of in 
part less than 20 nm. Perfection of the grown epitaxial layers and the 
interfaces which occur in the layer deposit operation is a prerequisite for a 
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high output of good transistors and circuits and for fault-free functioning of 
the corresponding circuits. 

The problems involved in poiy-Si-emitter layers on silicon for the 
production of bipolar transistors have been the subject of increased 
5 investigation in recent times. In that respect, to achieve adequate current 
gain in the production of the vertical structures oxygen-contaminated 
interfaces with increased emitter resistances were tolerated [J S Hamel, D J 
Roulston, C R Selvakumar, IEEE Electron Device Letters, 13 (6), 332 
(1992)]. At the same time that work indicates the disadvantage of the 

10 severe process dependency of the electrical parameters, due to the 
inadequate controllability of interface contamination and the non- 
homogeneity of the interface ruptures in subsequent tempering operations. 
It is also known that transistors with contaminated interfaces suffer from 
the disadvantage of worse noise parameters. For modern bipolar 

15 heterostructures as are implemented on the basis of Si/Si/Si x Ge y Ci- x - y /Si- 
layer sequences, sufficient current gain can be adjusted within wide limits 
by way of the band structure of the base layer, so that the search is for 
ways in which the emitter resistances and noise can be reduced. In 
accordance with the state of the art the Si-layer forming the emitter and 

20 the emitter connection, both for silicon, Si-homostructures and also in 
Si/Si/SixGeyCi-x-y/Si-heterostructures, is in the form of a polycrystaliine Si- 
layer, as described in many publications [for example in J D Cressler, IEEE 
Electron Device Lett. 17, 13 (1996), D Knoll et al, IEDM Techn. Dig., 703 
(1998]. 

25 The disadvantages that are involved here such as worsened diffusion 

characteristics on the part of the dopants, increased surface roughness of 
the emitter et al are tolerated in the state of the art although they result in 
worsened electrical parameters as hitherto an improvement in the interface 
properties involved a high level of technological and financial expenditure. 

30 Extremely clean interfaces and growth conditions are required for 

safeguarding epitaxial growth. Such clean interfaces are made possible for 
example in ultra-high vacuum systems for molecular beam epitaxy (MBE) 
and in extremely clean normal-pressure and low-pressure installations for 



deposition out of the chemical gas phase (CVD). Cleaning of the surface 
involves using a desorption step for oxygen, generally in a temperature 
range above 1000°C. High desorption temperatures cannot be used 
however for pre-processed wafers in which doping profiles have already 
5 been set as they unacceptably alter the set doping profiles. The literature 
sets out a series of publications which are dedicated to that problem. Thus 
the work by D Agnello and T O Sedgewick [D Agnello and T O Sedgewick, 
Journal Electrochemical Society, 139 (19), 2929 (1992)] deduces the 
conditions for oxide-free Si-surfaces in the case of UHV-CVD processes and 
10 shows how the existence of oxygen residue contamination results in the 
generation of twinning defects and stacking faults. The conditions for 
U epitaxial growth in the case of the UHV-CVD are less strict than in the case 

p of MBE. Nonetheless, in the UHV-CVD procedure the oxygen partial 

ffj pressure in the carrier gas at 700°C must be less than about 1 ppb in order 

ifis 15 to permit defect-free growth. In the case of UHV-MBE oxygen partial 

j^J pressures of less than about 2 x 10" 9 Torr at 700°C are required for defect- 

free growth. 

jii The work by Niel et al [S Niel, O Rozeau et al, Techn. Digest. IEDM, 

j y j page 807 (1997)] reports on the formation of a monocrystalline emitter in 

□ 20 As in situ doping in a commercial single-wafer reactor. That technical 

procedure however suffers from the serious disadvantage of a low level of 
productivity, in particular due to the single-wafer reactor itself. On the 
other hand, relatively high growth temperatures have to be used for 
safeguarding monocrystalline growth and for adequate growth rates, and 
25 that can be a serious disadvantage for wafers with a limited permissible 
heat budget. 

It is further known that completely epitaxial vertical structures for 
bipolar transistors can be produced without an interruption in growth in 
ultra-high vacuum systems for molecular beam epitaxy (MBE) and in 
30 extremely clean normal-pressure and low-pressure CVD installations. That 
situation however does not afford the possibility of being able to carry out 
external preparation steps outside the epitaxy reactor, after production of 
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the collector and base regions. That considerably limits the technology 
options in incorporating the transistors into complex circuits. 

The object of the invention is to propose a layer structure for bipolar 
transistors, by means of which the electrical properties and the 
5 homogeneity of bipolar transistors are improved. The invention aims to 
provide in particular that, with reduced emitter junction resistances, the 
base current characteristics are improved and noise is reduced, as well as 
providing a process for the production of bipolar transistors with such a 
layer structure, by means of which it becomes possible to produce 

10 integrated circuits with bipolar transistors of that kind, with a good yield 
and reproducibility. 

In accordance with the invention that object is attained in that the 
vertical structure of the transistors includes a partially monocrystalline 
emitter layer which above an epitaxial monocrystalline growth layer 

15 changes into a polycrystalline and/or amorphous layer and in the vertical 
structure of the transistor the partially monocrystalline emitter layer is 
locally underlaid with thin oxide and/or nitride layers. The partially 
monocrystalline emitter layer is deposited on an Si x Ge y Ci- x -y-cover layer, an 
Si-buffer layer and a silicon substrate with the parameters x, y in the range 

20 0 < x, y < 1. The interface between the partially monocrystalline emitter 
layer and the substrate is characterised by a low level of oxygen 
contamination with an amount of oxygen of less than 1 x 10 15 cm" 2 . At least 
a part of the electrically active zone of the partially monocrystalline emitter 
layer is formed by the Si x Ge y Ci- x - y -cover layer with the parameters x, y in 

25 the range 0 < x, y <. 1 The process according to the invention for producing 
the layer structure for Si-based bipolar transistors is based on the fact that: 
- storage of the samples after a pre-treatment of the surface of the 
silicon substrate with hydrofluoride-bearing solvents and prior to 
introduction into a CVD reactor is limited to less than one hour, 

30 - pre-tempering of the samples in the temperature range of 650°C - 

1100°C in hydrogen-bearing gases with tempering times in the range of 
between 5 seconds and 120 minutes is provided, 
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- a doping gas is already supplied during cooling to the layer growth 
temperature, and 

- after cooling to the layer growth temperature a partially 
monocrystalline emitter layer (5) is applied with the addition of silane and 

5 doping gas at a temperature in the range 450 - 700°C, which initially grows 
in monocrystalline form and then changes into a polycrystalline and/or 
amorphous layer. 

Advantageously the partially monocrystalline emitter layer is applied 
by means of chemical gas phase deposition at low pressure in a multi-wafer 

10 reactor. Preferably the partially monocrystalline emitter layer is formed by 
a doped Si x Ge y Ci- x -y-cover layer with the parameters x, y in the range 0 < 
x, y < 1. Without air being introduced into the CVD-installation, prior to the 
pre-tempering procedure in hydrogen-bearing gases, the samples are 
subjected to intensive nitrogen flushing for at least 15 minutes with the 

15 CVD-reactor cold. The layer structure is subjected to further technological 
sub-steps such as for example oxidation procedures, implantation 
procedures, etching procedures, masking sub-steps, after the formation of 
the Si-cover layer and prior to deposition of the partially monocrystalline 
emitter layer. The monocrystalline growth of the partially monocrystalline 

20 Si-emitter layer is maintained until the end of the layer deposition 
operation so that no change to polycrystalline/amorphous growth occurs. 
The doping element for the partially monocrystalline emitter layer is As 
and/or P. For growth of the emitter layer at least one emitter dopant is 
introduced during the CVD procedure. Advantageously, the emitter dopant 

25 is already introduced in the cooling-down process and prior to the addition 
of silane for growth of the partially monocrystalline emitter layer. 
Optionally, a homogeneously doped partially monocrystalline emitter layer 
or, to increase the growth rate, doped and undoped regions of the partially 
monocrystalline emitter layer, are deposited alternately. In a preferred 

30 embodiment the partially monocrystalline emitter layer is applied to Si- 
substrate wafers. In an embodiment which is also preferred the partially 
monocrystalline emitter layer is applied to commercial Si-substrate wafers 
or commercial 'silicon-on-insulator' (SOI)-wafers as well as Si-wafers with 
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homo-epitaxial layers and Si-collector structures and Si-base structures 
formed in accordance with the state of the art. Preferably the partially 
monocrystalline emitter layer involving the heterostructure Si- 
emitter/Si/SiyCi- y /Si-substrate is used. Another embodiment involves using 
5 the partially monocrystalline emitter layer in three-component material 
systems of the kind Si-emitter/Si/Si x Ge y Ci. x . y Si x Ge y Oi- x - y , with the 
parameters x, y in the range 0 < x,y <. 1, on Si-substrates. 

In that respect, in a surprising manner which was something that not 
even the man skilled in the art could foresee, it is possible in the initial 

10 stages to stimulate reliably and homogeneously epitaxial growth and thus 
to achieve advantageous interface properties. In the subsequent procedure, 
depending on the respective choice of the deposition conditions, epitaxial 
growth can be continued or it is possible to go over to 
polycrystalline/amorphous growth conditions and a partially 

15 monocrystalline layer sequence with advantageous properties can be 
formed. 

The features of the invention are to be found, not only in the claims 
but also in the description and the drawing, in which respect the individual 
features each in themselves or in pluralities in the form of sub- 
20 combinations represent patentable configurations in respect of which 
protection is claimed herein. 

An embodiment of the invention is illustrated in the drawing and is 
described in greater detail hereinafter. In the drawing: 

Figure 1(a) - 1(c) shows diagrammatic sectional views of a portion of 
25 the vertical structure of a bipolar transistor, and 

Figures 2(a) and 2(b) show analytical measurement results and a 
view of the structure of the partially monocrystalline emitter layer 
according to the invention, showing the success of the process. 

Referring to Figure la a silicon wafer is provided with a layer stack 
30 produced in accordance with the state of the art, for a hetero-bipolar 
transistor. The layer stack comprises a doped Si-buffer layer 2 directly on 
the Si-substrate 1 for forming the collector, an Si x Ge y Ci- x - y -layer 3 with the 
parameters x, y in the range 0 < x, y < 1, for forming the base, an 



epitaxial Si-cover layer 4 and a polycrystalline silicon layer for forming the 
emitter 5. The critical interface 6 between the Si-emitter layer 5 and the 
epitaxial Si-cover layer 4 is afflicted with oxide residues and/or severe 
oxygen contamination, in a layer production process in accordance with the 
5 state of the art. That results in the formation of a multiplicity of growth 
seeds which ultimately govern polycrystalline layer growth. The 
polycrystalline emitter layer can also be formed by an Si x Ge y Ci- x -y-layer. 
Outside the illustrated portion layer deposition can take place in the form of 
a polycrystalline layer, over nitride or oxide layers produced in accordance 
10 with the state of the art, or other layer structures. 

Figure lb diagrammatically shows the same layer stack produced in 
accordance with the solution according to the invention, in which the 
jsf interface 6 is characterised only by slight contamination with levels of 

iP oxygen concentration of preferably less than 1 x 10 15 cm" 2 and in which 

m is after initially epitaxial monocrystalline growth of the Si-emitter layer 5, 

crystal log raphic defects occur in later growth stages, which defects only 
end at a marked distance with the formation of a further interface 7 in 
jf; polycrystalline growth of the Si-emitter layer 5. 

fU Figure lc shows the boundary case of a completely monocrystalline 

D 20 emitter layer 5, as can be produced for example with growth in ultra-high 

vacuum (UHV) systems for molecular beam epitaxy (MBE) or at high 
temperatures and/or in extremely clean normal-pressure and low-pressure 
CVD installations. 

Figure 2a affords quantified arsenic and oxygen depth profiles, 
25 recorded by means of secondary ion mass spectroscopy (SIMS), of a 
partially monocrystalline Si-emitter layer 5 on an Si-substrate 1 with the 
Si-cover layer 4 in accordance with the process of the invention. It is 
possible to clearly see the low level of oxygen contamination of the 
interface between the As-doped, partially monocrystalline emitter 5 and the 
30 Si-cover layer 4 as well as the varying As-concentration due to alternately 
doped and undoped deposition. At the same time a high level of As- 
concentration as is required for low emitter junction resistances is obtained. 
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Figure 2b shows a transmission electron microscope recording of a 
cross-section through the partially monocrystalline emitter layer 5 with the 
two interfaces 6 and 7, showing the success of the process for producing 
transistors with a partially monocrystalline emitter layer 5. 
5 For production of the vertical transistor structure, in accordance with 

the invention, it is possible to use a commercial, industry-compatible LP- 
CVD installation with a large wafer capacity, for example of more than 50 
wafers per process, originally specified for deposition procedures in respect 
of polycrystalline silicon. In that respect the preceding technological steps 

10 in transistor production and also the lateral structure of the transistor 
correspond to the state of the art. The process according to the invention is 
used for production of the vertical layer sequence in the transistor 
structure, in particular the production of the partially monocrystalline 
emitter layer 5. Prior to the wafers being introduced into the LP-CVD 

15 installation wafer cleaning is effected, based on hydrofluoride-bearing 
solvents. The storage time of the samples after the etching procedure is 
limited to less than 1 hour, without special surface passivation. The 
procedure according to the invention can also be used in CVD installations 
without a wafer-introduction lock device which avoids the introduction of air 

20 in the entire installation. In those cases, in accordance with the invention, 
the installation is subjected to intensive nitrogen flushing for at least 15 
minutes with the reactor cold. After a pre-tempering procedure according to 
the invention for between 1 minute and several hours, preferably 30 
minutes, at moderate temperatures in the range of between 550°C and 

25 1100°C, preferably at 700°C, in hydrogen, the doping gas for in-situ doping 
of the layer, preferably with arsenic or phosphorus, can already be switched 
on in the phase of cooling down to the growth temperature in the range of 
between 450°C and 700°C, preferably 550°C. When the growth temperature 
is reached the addition of silane is implemented and the actual growth 

30 process begins. In accordance with the invention, oxygen contamination of 
the interface 6 between the emitter layer 5 and the silicon substrate 1 and 
the Si-cover layer 4 respectively is limited to an incorporated oxygen 
amount of less than 5 x 10 15 cm" 2 , preferably less than 1 x 10 15 cm" 2 . 



Optionally homogeneously doped layers can be deposited at a relatively low 
growth rate of below 0.1 nm/min or doped/undoped regions can be 
deposited at moderate growth rates above 1 nm/min to several 10 nm/min. 
The advantages of the process according to the invention are 
5 apparent. By virtue of the almost perfect interface 6, homogeneous 
diffusion and a low junction resistance are possible. It is also possible to 
see in Figure 2(b) the low degree of surface roughness of the emitter 
contact, which turns out to be markedly less than in the case of 
polycrystalline emitter layers with large grains, produced in accordance 
10 with the state of the art. 

The procedure in accordance with the invention further affords other 
substantial advantages: 

By virtue of the formation of alternately doped and undoped regions, 
after initially monocrystalline growth, the layer deposition procedure can be 
15 substantially reduced in length, with the same layer thickness. That results 
in a reduction in the length of the overall technological procedure involved. 
It is possible to save on subsequent implantation operations for emitter 
doping, by virtue of deposition of the in-situ doped emitter layers 5. 

A further advantage of the invention is additionally that the absence 
20 of the contamination-afflicted interface means that inward diffusion of the 
dopant is homogenised, which also manifests itself in an improvement in 
the electrical parameters. 

In comparison with completely monocrystalline emitter layers 5, 
there is the possibility of using additional implantation procedures without 
25 being seriously confronted with the effects which are typical of 
monocrystalline materials, of implantation-induced non-equilibrium 
diffusion, what is referred to as transient-enhanced 1 diffusion. 

The system according to the invention affords the possibility of 
beginning the growth process with selective epitaxial deposition, in which 
30 case that layer is deposited initially only in the opened windows which are 
not covered with oxide. In that respect, the difference in height between 
the Si-surface and the oxide surface is reduced. It is only when the change- 
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over to polycrystalline silicon in the opened windows occurs that non- 
selective layer growth on the entire wafer begins. 

The system according to the invention also makes it possible to 
provide a corresponding layer structure on 'silicon-on-insulator 1 (SOI) 
wafers. 

The transistor according to the invention with the partially 
monocrystalline emitter layer 5 and the process for the production thereof 
permit use in modern Si x Ge y Ci- x - y technologies, with the parameters x, y in 
the range 0 < x, y <. 1, which are provided in perspective for the 
manufacture of modern highly integrated circuits for mobile 
communications. 

In the present invention, on the basis of specific embodiments by 
way of example, a process has been described for the production of 
partially monocrystalline emitter layers 5 involving Si/Si/Si x Ge y Ci-x-y- 
heterostructures, with the parameters in the range 0 < x, y < 1. It should 
be noted however that the present invention is not limited to the details of 
the description in the specific embodiments as modifications and alterations 
are claimed within the scope of the claims. 
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CLAIMS 



1. A layer structure for Si-based bipolar transistors characterised in 
that the vertical structure of the transistors includes a partially 
monocrystalline emitter layer (5) which above an epitaxial monocrystalline 
initial growth layer changes into a polycrystalline and/or amorphous layer 
and in the vertical structure of the transistor the partially monocrystalline 
emitter layer (5) is locally underlaid with thin oxide and/or nitride layers. 

2. A layer structure as set forth in claim 1 characterised in that the 
partially monocrystalline emitter layer (5) is deposited on an Si x Ge y Ci- x . y - 
cover layer (4), an Si-buffer layer (2) and a silicon substrate (1) with the 
parameters x, y in the range 0 < x, y <. 1. 

3. A layer structure as set forth in claim 1 characterised in that the 
interface (6) between the partially monocrystalline emitter layer (5) and 
the substrate is characterised by a low level of oxygen contamination with 
an oxygen amount of less than 1 x 10 15 cm" 2 . 

4. A layer structure as set forth in claim 1 and 2 characterised in that 
at least a part of the electrically active zone of the partially monocrystalline 
emitter layer (5) is formed by an Si x Ge y Ci- x -y-cover layer (4) with the 
parameters x, y in the range 0 < x, y < 1. 

5. A process for producing the layer structure for Si-based bipolar 
transistors as set forth in at least one of claims 1 through 4 characterised in 
that 

- storage of the samples after a pre-treatment of the surface of the 
silicon substrate (1) with hydrofluoride-bearing solvents and prior to 
introduction into a CVD reactor is limited to less than one hour, 

- pre-tempering of the samples in the temperature range of 650°C - 
1100°C in hydrogen-bearing gases with tempering times in the range of 
between 5 seconds and 120 minutes is provided, 
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- a doping gas is already supplied during cooling to the layer growth 
temperature, and 

- after cooling to the layer growth temperature a partially 
monocrystalline emitter layer (5) is applied with the addition of silane and 
doping gas at a temperature in the range 450 - 700°C, which initially grows 
in monocrystalline form and then changes into a polycrystalline and/or 
amorphous layer. 

6. A process as set forth in claim 5 characterised in that the partially 
monocrystalline emitter layer (5) is applied by means of chemical gas 
phase deposition at low pressure in a multi-wafer reactor. 

7. A process as set forth in at least one of claims 5 and 6 
characterised in that the partially monocrystalline emitter layer (5) is 
formed by a doped Si x Ge y Ci- x -y-cover layer (3) with the parameters x, y in 
the range 0 < x, y < 1. 

8. A process as set forth in at least one of claims 5 through 7 
characterised in that without the introduction of air into the CVD installation 
prior to the pre-tempering operation, in hydrogen-bearing gases, the 
samples are subjected to intensive nitrogen flushing for at least 15 minutes 
with the CVD-reactor cold. 

9. A process as set forth in one of claims 5 through 8 characterised 
in that after the formation of the Si-cover layer (4) and prior to deposition 
of the partially monocrystalline emitter layer (5) the layer structure is 
subjected to further technological sub-steps such as for example oxidation 
procedures, implantation procedures, etching procedures and masking sub- 
steps. 

10. A process as set forth in at least one of claims 5 through 9 
characterised in that the monocrystalline growth of the partially 
monocrystalline Si-emitter layer (5) is maintained up to the end of the 
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layer deposition so that there is no change to polycrystalline/amorphous 
growth. 

11. A process as set forth in at least one of claims 5 through 10 
characterised in that the doping element for the partially monocrystalline 
emitter layer (5) is As and/or P. 

12. A process as set forth in at least one of claims 5 through 11 
characterised in that at least one emitter dopant is introduced during the 
CVD deposition procedure for growth of the emitter layer (5). 

13. A process as set forth in at least one of claims 5 through 12 
characterised in that the emitter dopant is already introduced in the 
cooling-down process and prior to the addition of silane for growth of the 
partially monocrystalline emitter layer (5). 

14. A process as set forth in at least one of claims 5 through 13 
characterised in that optionally a homogeneously doped partially 
monocrystalline emitter layer (5) or to increase the growth rate doped and 
undoped regions of the partially monocrystalline emitter layer (5) are 
deposited alternately. 

15. A process as set forth in at least one of claims 5 through 14 
characterised in that the partially monocrystalline emitter layer (5) is 
applied to Si-substrate wafers. 

16. A process as set forth in one of claims 5 through 15 
characterised in that the partially monocrystalline emitter layer (5) is 
applied to commercial Si-substrate wafers or commercial 'silicon-on- 
insulator' (SOI)-wafers and Si-wafers with homo-epitaxial layers and Si- 
collector structures and Si-base structures formed in accordance with the 
state of the art. 
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17. A process as set forth in at least one of claims 5 through 16 
characterised in that the partially monocrystalline emitter layer (5) is used 
in the heterostructure Si-emitter/Si/SiyCt-y/Si-substrate. 

18. A process as set forth in at least one of claims 5 through 16 
characterised in that the partially monocrystalline emitter layer (5) is used 
in three-component material systems of the kind Si-emitter/Si/Si x Ge y Ci- x - y/ 
SixGeyOi-x-y, with the parameters x, y in the range 0 <_ x, y < 1, on Si- 
substrates. 
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Layer structure for bipolar transistors and process for the production 
thereof 

The invention concerns a layer structure for bipolar transistors and a 
process for the production thereof and a process for integrated circuits 
produced on that basis. The aim of the invention is to propose a layer 
structure for bipolar transistors, by means of which the electrical properties 
and the homogeneity of bipolar transistors are improved. The invention 
aims to provide in particular that, with reduced emitter junction 
resistances, the base current characteristics are improved and noise is 
reduced, as well as providing a process for the production of bipolar 
transistors with such a layer structure. 

In accordance with the invention that object is attained in that the 
vertical structure of the transistors includes a partially monocrystalline 
emitter layer which above an epitaxial monocrystalline growth layer 
changes into a polycrystalline and/or amorphous layer and in the vertical 
structure of the transistor the partially monocrystalline emitter layer is 
locally underlaid with thin oxide and/or nitride layers. The process 
according to the invention for producing the layer structure for Si-based 
bipolar transistors is based on the fact that 

- storage of the samples after a pre-treatment of the surface is 
limited to less than one hour, 

- pre-tempering of the samples is provided, 

- a doping gas is already supplied during cooling to the layer growth 
temperature, and 

- after cooling to the layer growth temperature a partially 
monocrystalline emitter layer is applied with the addition of silane and 
doping gas, which initially grows in monocrystalline form and then changes 
into a polycrystalline and/or amorphous layer. 

Reference: Figure la 
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(57) Abstract: The invention relates to a layer structure for bipolar 
transistors, to a method for the production thereof, and to a method 
for producing integrated circuits using said layer structure. The aim 
of die invention is to provide a layer structure for bipolar transistors 
with which the electric properties and the homogeneity of bipolar 
transistors are improved. In particular, the base current behavior 
should be improved and the noises should be decreased with dimin- 
ished emitter transition resistances. In addition, the invention seeks 
to provide a method for producing bipolar transistors using a layer 
structure of this type. To these ends, the invention provides that 
the vertical structure of the transistors contains a partial single-crys- 
talline emitter layer (5) which changes into a noncrystalline and/or 
amorphous layer above an epitactical single-crystalline growth layer 
and, in the vertical structure of the transistor, the partial smgle-crystalline emitter layer (5) is locally underiayed with thin oxide and/or 
nitride layers. 

(57) Zusammenfassung: Die Erfindung betrifft eine Schichtstruktur fur bipolare Transistoren und ein Verfahren zu deren Herstel- 
lung sowie ein Verfahren fur auf dieser Grundlage hergesteUten integrierten Schaltungen. Es soil eine Scmchtstruktur fiir bipolare 
Transistoren vorgeschlagen werden, mit Hilfe derer die elektrischen Eigenschaften und die Homogenitat bipolarer Transistoren ver- 
bessert werden. Insbesondere soil bei verringerten Emitteriibergangs widerstanden das Basisstromverhalten verbessert und das Rau- 
schen reduziert werden sowie ein Verfahren zur Herstellung von bipolaren Transistoren mit einer solchen Schichtstruktur aufgezeigt 
werden. ErfindungsgemaB wird diese Aufgabe dadurch gelost, daB die Vertikalsmiktur der Transistoren eine partieU-einkristalline 
Emitterschicht (5) enthalt, die oberhalb einer epitaktischen, einkristallinen Anwachsschicht in eine polykristalline und/oder amorphe 
Schicht umschlagt und in der Vertikalstruktur des Transistors die partieU-einkristaUine Emitterschicht (5) lokal mit dunnen Oxid- 
und/oder N itridschichten unterlegt ist. 
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